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(54)Titie: SIGNAL RECEIVER AND METHOD OF COMPENSATING FREQUENCY OFFSET 



(57) Abstract 

An OFDM receiver is provided with an offset compensating device 
(14) for compensating the frequency offset of a received OFDM signal. The 
offset compensating device (14) includes a memory (51) for holding two 
reference signals corresponding to arbitrary parts in the start symbol of the 
OFDM signal. The cross-correlation values between the received OFDM 
signal and the two reference signals are calculated by cross-correlation units 
(52 and 53), and respective peak positions are detected by a peak detector 
(54). A frequency offset estimate of the received OFDM signal is estimated 
by a frequency offset estimating circuit (55) based on the cross-correlation 
values in the detected peak positions. A phase rotating circuit (37) 
compensates the frequency offset of the received OFDM signal based on the 
estimated frequency offset estimate. 
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A fl/ (2tcTE) Sr*i3t"r5-t-^#So 

8tffcJSStfM-:7-fes> b<Z>*ft£*&HW\ -Tw/ (2TE) i^ + Tw/ (2T 

E) ©F B Ut5-i^f5c 

■£XfoV. ^^^^IKF^ftTw^*tLS1f^^/^Nw (FFT18 (El 
4 7) (^/^^h^) ^64, t^tyTtN?f4 8tLfcl#©> jEmibJS 
iS^^^-fe y b OKW) *H^yh»9 SMStt (B E R : Bit Error Rate) 
$4) ^tt^L-CV^^o 

tfc04H 2 0tf>#B|Hf-i§-<E>*B (IM^/MBO widthSrl6irU TE 
/Tvr&ZWetlO. 2 5, 1. 5 (#Rgff ^©i* tt (IM^/HR) shift 
^^^'Hi 6, 9 6 ir-T-5) £ Lfc41£i-ov>T. 2o<a#i$m-5§-tf s **~ f 
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f + n f = (AG 4- n 6) / (2 tcTE) & 0 , mti&tir?^ v h&T&&&n 

LfciSoT, @5l^tJ: 5i-*tW*5/h$V^^ Cfc£*.tf, CNR 
*f*tWtt) =3 5db) ZMfctZt* *>5iSi&*^-7-fey h A f /^#£E1~5*§ 

A f = A 0/ (2 jiTE) (fc^:L-7r<A0 <tc) 
(^If^i!), 7 tCTjH-J; 9 i:TE/Tw=0. 2 5 t Lfc£ %\z.\-± % msi,Z7jk 
fj;5i:TE/Tw=i. 5 t Ltct^^it^. Ih]*k# A e j&S/hSiHEfc &5 
(TE/Tw = 1 . 5iZ)t#(Z)l/6) 0 

^) , m^wmwk^y^v h<Dmm\^< &5 (te/tw=i. 5(d£ 

&-5>o 

halite, 
A f + n f = (Afl+nfl) / (2 TtTE) 

fte, TE£vh£< Lfc^fBfttfj^t (TE/Tw=0. 2 5<£>£#, 

TE/Tw=l. 5<Oi^06^) „ 

Lfc^oT, HI 6 ? iC, TE/Tw=0. 2 5(D k%\Mmfc%t*7 

ti/bOl^inf^tWcfc, x7^7P7^4t5©I^U TE/ 
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tw=i. 5(Dk%Knmi&m*7-ty h<om^mmn f &&mi&}'^£< 

r^l^^JSi^SX*{*. 2 o<D#RBJf 1JB^ LT (N=2) % 
[fg2<D^«21G 

50FDM^{lit<DjSttt7t5' MI^l:o^T, Ell i*5«fct*EIi 2£r 

^2<D||ijS^Sl-<t ; 5 0FDM^f^tt{i. Ull ll^t«t51I, 

i^^^ysih ^^*/Mfi3£tfesasi 3 (ia4 7) <z)ffi^m^-i:, 

M3§5 2, 5 3, 6 1 i:, t@S»5 2, 5 3, 6 1 (7>^;ft^fr<£>tfc};fJU::J3^t 
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($;<fjffi$)ft$££l$|$||) 2 tcTE 1 -0|&#-fSI&IM& 58t, $ 2 *3 «£ 

^!J67 tewzztiti&m?*—? ($tm&}t£ifciEu%fflm 2 « t e 2 -e 
^ % ^com2<Dmmmm^x^m^m^^^ h^m^Wii^mi 2&# 

tttBSi" 6 3 ocD#RSff -^-{i, [Hi 2t£^i-J:?l^ ^tif^w i d t h£W 

6 6^*5V^T^tLgH, 2 (=N-1) m<D$mmRftl£.*t\%~fZ>^ t&X% 

5 7 (-^$tl,XV>5^1^«t^2cD#^f^(C^5#^7 :r --^ (Mfittfc 
fl-JISftfcfiHBIsMEfcgSr, ^!i6 7l3i^$^TV^§^2*5J:t) ? m3 0#BS, 
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+aiHHE^^fe#RS7*-^ mmm^-^mm^^mm teu (n = i ~n- 

1) ^ft^-r^o in*fflV^#Sftft*7t y MUfiA f n = A 6 / ( 2 k 
TEn) (n=l~N-l) £r3fc£>, 
A f =S A f n/ (N- 1) 

(04 7) ^(D^mm^n^^^^y v^mm-r^^t^mtf^ 

-test Yfe'fflB.b LTffi^LTV^tfre, Jt^tdja-bTiiHttOfeSffiife^c^-^-fey 

T?3fc«>fcJ3j£#:f:7-fcs> Hit A f ^v^/HE^Stfs 1 3 *t»tf>J^lfl&38fg3§2 
1 (®4 8) tD^A^J^A^jL, WIt5:^Mt5riia 9, SfB 

3 (D%m&m 

Ell 3-EI2 0 5r#RSLT, ^©^P^Oi 3 i SO F DM 
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* * — b i/z/atfr t #na{B-j§- £ ©fHEffiBi^fiaBiHm*! mi »? jus 
i 5^i-£9^ mm^*&n-rz>*^v ioi, 102^ ji&ffc^ir 

15 1 0 S^brottl^^tS^^y 1 0 4 f^^^I»^l 3 (04 
7) CDffi^Tcita^y 1 0 ^jSJ^Sih/CV^Sfi b^^/K/Vi. 

^^y 101, 10 2^^«F§i^-CV^S•?:i^•^ixO#Ra{t#^:<ora■CfflS^BB8fi^ 

grtt-g-j-sffi^-ffp^i 05, loeh ta sffigi§s<p^tt^n<pa^j^ g>^'- 

20 105, 1 0 6(Dmxfrb{iLmm&ftZ:i\rn^m$iWt*7-te*y hm&&i£tzR 

f8L&*7±iy hH-^Sffl 07h E8t«tf-7iry M+^l 0'7A^©^HS. 
<5#^*JJ 1 0 3^fc«^^U 1 0 4 30»b«>ttJ^OtfctBS:lHlfts*^:^^ 
1 0 4(cm^-r^fiffilEl^lH]^l 0 8 t. EXtfeStSS 1 3 (0 4 7) ^>m^7^T. 

{f-^(D{itl^ll]^$^:5{i^lHl^Ie]S§l 1 7^*/i'iiE£tfcStS§l 3 (04 

7 ) ©tttfj t^^y io4«i sra^w^^TffistaK* 105, 10 
6 {^mts-r nu, ^^103^^*1)104 cottj^ t &a 
&mm&^xmmimn 1 0 s tm^tsats 112^ ^yio4(i 
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4*5, #J#f§ 1 11, 11 2*3«fcTJ?l 1 3<D^]^Kj^tt, 2 0 0 

0 (04 7) frh(Om®it^\Z.£<>X%m-&ftX\<^Z>h<Db-fZ>o 

m^. mi 6~mi 8(z>yn -/^m^#DguT, &3(Dm&Mi&Ki:z>mfc& 

mw^, mi 6i^tJ:5!^ ^o#§5i 1 1 3 (@4 
7) <omtim\^ mw^i ui^^yio 3W^, ww$si i 3«gj#«i i 

lW\z&0£tZ> «t5J- = ^ho — 7 2 0 0 Ot^J:»9§J*ft«^sfT*t)*i/5o f*^ 
^E^iS^l 3^b^m^^D#^l 1 1 Sr^LtftSSraSl 0 5, 10 

6in'*ii^#^.fen, tested i o 5, loeiaot^^yioi, 102 

tl5o ^^^/VjS^SES&l 3^^(D{f^-}*lW]B#^^^y 1 0 3i^i#$ 

\tmmmm^i 1 ovtmm^i o 9cDm^cofi+B^iH]^$^5 0 4*3, iiM^i 

ftj$tT*5|, JS&tt^-^^y h«l3£*s^T UTja^ffitBHHEIalK 1 1 0 (^ttS^j 
45. — {fc*BHHB|sI8& 1 O 8 13. im^tbfc^^^-^ir^ h#t;Mt-S^ 

^T*=ev 1 0 3^#snTv^ra^o{fc4s&iEite$i2\ -toismsr^^y 1 
0 4 m^-rs, 

mi 7{^-r«t9^, i?j#^i 1 i%§]#^i 1 3 win," #j#t§i 1 2 

1 3fflflfc:gM£1-3 J: 51:=^ b^— 7 2000ia 9i^&ffjiJP/W4 

fc>*l5 0 tSSffigi^l 0 5, 1 0 6(t 1 0 4{£^}f£;ft,W5{f-^£^ 

^yioi, 10 2i^j#$tbTv>s-€:n^ix©#Ram#iora-effis:ffiBi^ii[S: 
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y hfgJM&a-jSEU fit4BHl*GlllK 1 0 8, 11 Olcffi^i-So 
01 si^i-J:?^ ^0#^i l 3 l l 2fflfl^g|^-rsJ;5 = 

yhn-72000 ia ^Mffl^ft^tiSo {fcJBUHElHnfc 1 0 8 rau m& 

f5 0 ^CO^, 9J#Sll 1 3£r#]#m 1 lW^ic-rS^Pl-^Vbn-- 7 2 

ooo laotMirfi^^tiSo em* p«^-y i o 4 K^^tix^^m 

^KD^a^^St-.t^^l^^^-fe^ h*6««<D±}i$©#yffi#)6«r, Eli 
^(DEI 1 9 i^i-^JT*{i, 3yFn-720 0 0 (H47) (DM&TK. 

£t\ ^t^^SI^vnt, $J#3sl 1 l £^i^/M£^»2£l 3<7)ffi^j 

T^y^S 2(C*3V^T, ffiStSKf§l 0 5, 1 0 6taot, 7* S?*/M££$fcJftS§ 

l 3 ^^©SSftfc^^y 10 1, 10 2 {^:-f*:^#$HTV^?) ; ei^ ; ? ^ i^<D#^^f 

WLftV^Ktt, ±&0>;*^^S 2<0#yffi«rliigU t°— ^^gSr^tU Lfc 
ii-a^ta, ^^iy^S 4i^*3V>-C, HS»10 5, l o 6TS:m$tb^t@a 

WW&l 1 2Sr^Urffiffilll(E®Kl 0 8 1^4-x.b^ ^f^sei: 
*5V^ {i+BlallElHlSS 1 0 811 ^^E-y 1 0 3^bA^$nfcff-§-0{itB$Ts -b 
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*ey l o 4 {c^^F^tbSo 

^t,7f5/^si6«*, Ejm-aftw-raaQf&as (n-d m^stv^o 

*i% XT-yT'S 1 0^*5V^T, fiMIHtffl 05, 1 0 6H ^!il04 
^b«H3, lllSr^U^bhfcflrti, ^*yi0 1, 10 21' 

-fes>HS#n) ^tfitSo tfcttl, ^Ty^Sl 2^*3V>"C, $J#2ffl 1 3 «r#J 
#§£l 1 2ill3lSIt5Wli^lT^^ ^f*^S 1 3t£*3VvC, titfHlI] 
$g|ElSSl 0 8«, 1 04^bMl 13, 11 2£^LTgcffi£*Lfc{f 

-§-<Z>titf9«r, ±56©UtWSnfeJSiSfB[^-7-fes' hm^tt (^7ir y Wi£# n) ^ 
fEoTHHEi-So XT-VP'S 1 4 |d*3V>T % fi+BlEl^lHlSg 1 0 8 t^io-CffiffilEl 

$g£;ftfdf -^ms^ * y i o 4 Ktm ^H5o 

^.x^^s i 5{^*5v>-c, 1 3^mi#^i i im\z&m.-rz>v] 

&fflW&¥rti:t>ti. S^fs'^s l o^fjS l 6 1:15^11: (N-l) mf^ 
3Ei" 0 (N-l) Hl^igL^TLfci^, 7liio^-c, ^i-ufcT 

T, ^^JU^it^oT, tfcffiHrtElHlK 1 1 0|iil3£§§l 0 9^fecom^ff -5§-<£> 

El 2 Ofi. #B^{f-^-(Di|iI^w i d t h = 1 6, 2 Otf^ff-ff •^fffl£>-f , ;h/3: s h 
i f t = 8 £ Ufcfc#«/-©IS3©^lfe^tlg©««[*^7-fey 

2oi^n?i-> iiugt-> ^f&fg#*o^^-h^^t#Ram^-i:^)fw 

h^fctfTTSo 2 Site:, Hi![«t7t y bittto^^ - hi'^i: 
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±^<&J&3©|llfe701lg-CW:, 2 0<£>#KHf-S§- (N=2) SrlifitU, JS3£$C 
h<7>^SrfT*o-CV^S, 2 oJ£Lh<£>#BBfg-l- (N^2) 3rli|E£L 

hi/istf^nfemnnft^miZ-rz 3mm (n=3) <D&mfe^r&&ft 

LTV^5^*y 10 1, 10 2, 11 r^^S:^»13 (El 4 7) 

CD m Mt & t jt^U lOl . 1 02 , 115 fclM SgtbT 5 3 OCD#BS{f 

^^^ir^r^T^sta^e^^ffi-rs+BM^i o 5, 106, 

<^tBS+B^l 0 5, 1 0 6, l 1 6K:J:9te4Bigtefl3 s f*tfi$;hJ3&#*:7-fc 
v bfi-jMSi o 7{^x^tu^o Mi-IMS l o 7tt % ^fr^te 

[m 5 ©Hlfi^li] 
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3f^i:<£>^tti5£"C&5 a f = a 0/ (2tcte) fab, itw?—? (3Hffi#jftt£ 

^{g#ij:aiw* s ^B*ttfe»-a'©«fe»[^-7-fey h4t^tt«, a f + n f = 

(A0+n0) / (2tiTE) T^t? £ £ KfcS. IfciSoT, Jli&ffc^ 
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O^^fWLe n g t h .«SStf>#HIHf-J§-£* £*xfe©#R&fi-3-"efl*jfc 

E<DWt$:&ft-tZ>f£y 2 11, gfgLfc**— h^^^fc^-^Sfc*© 
pt^y 2 1 2. ^*/l'it:£tfei£S&l 3 (04 7) omtibtf) 2 1 2©UJ^ 

^ ^mnm^.mi^Pi.xititi'r z>ww%% 203, 203 omti t * * y 2 1 
1 t^js $ v ^5 2 ( 1 m.) (D&mm&ozi&etwte. t <Dms.mmm& 

15 %\ti-tZ>1®W®m%&2 0 4, 2 0 5, ffil»2 0 4, 2 0 5 k+BS 
*BH§lii<Z>fc 0 -^£r1&ffiU V>'^VWie^^i£ ; £:ttl^i-St 0 -^^ai^2 0 9, 
ffi£4aKSS2 0 4, 2 0 5©^h t°-^ &!±J3§ 2 0 9 <omti t > ^^1)21 

m.&t+W.irZffl$i%ti?i-7-tey 0 JiSStfta-^irV M+^2 06© 

20 ffi^iiJtfrDT^^y 2 1 2^«f$tuTV^5^f bfc*^ — hi/f#A'<DtiLte$: 
|E]^£^5{iL*BlE]$5lHji*§2 0 7, <y 0 6<?5ai^^0^b 

"Cffi^-rs^^^-^-fe^ b4t^itiP^2 l 4. iltt£tfe8ES§ i 3 2»b<Dg{f{f 

i§5i^2 1 3, JSifc&tf-^-fe s> h#£/£«^§l2 1 4<Z>m^J^JS?CTJijg»2 1 
25 3(DtU^<^fi ; l : B«rlHll5^-»i:5{i+@lHll5lH]i^2 0 8. ^^ffi^2 0 9 frb<Dm 

^*!J 2 11 {£f£f££*VCV^5L e n g t h £>{iS£ & & t '7 = *~ 
^ v'^^/^ig?r*i^i-5v'^^lRlMS:g4i^2 0 1 , teXUXJ y^2 
1 0fl>bffi;^£ft<5t: 0 — fiMt, 2 1 1 £*LTV^<5L e ngthW 
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mt&t>ki^ hiy>7$/i'm.r$<Dm%r%si*v 2 1 2\z.m 

^^•U 2 1 lte, HI 2 3(^i"J:5(C, 1 MOtilf f R e f (n, l), R 
e f (n, 2) ts Zfr^tMD^mm^-C) m&&1fc1$<n&to#)t£&feGlMl IB 
©BggfCfcS#fi87*— ^TE (n) £^b&5,m&N,m# (NttIEO»c) 
fSU $bl^^"bv'^/«f W^Ref (n, 1 ) tf)^*? 9 £T-<DSg 
H^Leng thtL«LtV^„ £ £ T% #RSm^R e f (n, 1), R 
e f (n, 2) \tttl?tiX# — bi/^^/Urt^HX^oT*3«9> -t^S^tt^b 

^U21 2^LTfS > Si*** — hv^>-^|tbttJ^2 O 2f)^mim 

^§§2 0 G y h(Dm7£%ftf£\<\ *<Dmffl&%:\ZI&tXtiLftmtfi 

m&2 0 7l±* 2 1 2{d#jA;£;ft,T^5*^— b^://F7W){if@£[Ilte£ 

-arT^^ey 2 1 2 0rt^<z>§ft«r*&i?>5i& s , mr5di<Z)^ ^ — h'/y^iWg2 o 

*^JJ 2 1 2\zft&£ftX\t^ZX*—hl'l'i$MzSttZl&B<0&#®fe9B! 

mtmT-f-^ts h->^#/vttffi^2 o 2^b^^y 2 1 2^<d*?~- b 

ftV\ LfciSot 2lHlB^P|t«>{fl[«IIel*g«!!ffilciBbTtt, ^^U212©^© 

#*&£rfT& 5 t>^l*fi:*BElteIalK 2 0 7 (D&Xh Y) „ #J#S§ 2 0 3 

|H]gS2 0 7(C«toT»^l^?)tLfc^^y 2 1 2(7)y="— ^^ttJ^,$n5o f 

2 2£#J&LT!fcBJ§-r5o 

^^U 2 1 211 3#t<Z>#R8ff-5§-R ef (n, 1), Ref (n, 

2) t. *ti : eti<D*i<o&mm&ttii<o*m7 s —* (mm^m^m^) te 
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(n) t*&&'tZ>'b<DtU »J£t5TE (n) (n = l, 2, 3) (Dim*. . 

^ftZ'tl. TE (1) =TW/5 0, TE (2) =TW/8, TE (3) =TW 

/2-C*>9, ^oLength=2 0tfc5t)Oit5. 

f^^«»13 (04 7) d^Oltfd^^- hiX^^/Vttm 

$£2 0 2^5-z_bfrZ>bbh\^ 0 3fc#LTtBS*BBilS&2 0 4, 2 0 

5(ClA^$n5„ *BSffiB8SS2 0 4 f 2 0 5IJ, A2> , ^^U21 

1 (^fcf£$*V0^5 ltt(DmMit^Re f (1, 1), Ref (1, 2) (D^fV 

^^(Dmboy^WmmU^M. t°— ^1tffi^2 o 9(*, JiLffiSnfcjeSffiBBte 

v^^lJ 2 l l (^^^nrv>5M/^-r5#RS7 : — ^TE (l) (ate^S:^ 
^-^S^^-f yf21 0&#LTV^#/H^#fiCB#iJ£35 2 0 1 (^#X-b^X, 

^UTte, t 9 fcx.-r-^>^-^-^^ i ^fflv^-r^^-y 212 

*lTV^;*.* — y visits >\<(n&^\imWfcWi& 2. o 7-em^$-a:T^^-!; 2 l 

2\zm^m-r 0 &tc*y±y hmi£m# 1 &m$LWt*-yt v hmmmmm2 i 

3 yhP-72000 (12 4 7) comiJ^l-i «9 . #l#2ff2 o 3 £ri2JJ&x. 
T, 2 1 2\Z.W^^X\^\%^^EMW^2. 0 4, 20 5ia^t§ o 

*@ZfBli^2 0 4, 2 0 5it 2 1 2^A^£;ftfdf-5§-^ **1J2 1 

U^H$ilTV^l^»ffRe f (2, 1), Ref (2, 2) O^rH 
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i: % 2 i i i^^^tLTi^^-rs#BS7=\-^TE (2) (omt^m^^ 

2£ffl^T^y 2 1 2 U:0M#£*ltv — 

tstic ^ ? — ^^212 ©fir ^-SrtastBBas 204, 205 \z.xjrt z> 0 
*asffigas2 0 4, 2 0 5», 2 1 2*^A^$nfcff-^-^> ^^ni 

1 {Clf£:3# £ txT V ^ 2> 1 &(D&fflim^rR e f (3, 1) , Ref (3, 2) <Z>-£*L 

2 1 1 i^^$nTv>s^-rs#RB^— ^te o) (omt^m^^xm 
mm*?-* v 3 zmfc-rzo z Lx^ry± ? hmitm.# 3 sr^fe*^- 

h^^itAP^2 1 4 ^#^.TffS|-rSo r:^T"l)St$n5^7ir5/ b 

5t-bTtH!LStbfc^-7-fes' l, #2, # 3 SrfliJ* Lfc*§* 

#ft&ttfcJ3StfM-:7"fe s> b4t^ifi-C3b<9, m$L&*7'ty MtfiiPf^2 1 
4/^M£*B[H|ij£lE]S§2 O 8 \Z.5-7LhfoZ> a |itBHIfell]SS2 O 8 12, j^I^^^-^ir 

y h*i^»^2 1 4^e>m^$ti,^j^m^-^-fe^ hitn^c-c, mm 

—7200 0 (H4 7) (D®mT<D{&mmW&m2 4(I^t7P- ^-V— h£r# 
lO&ivL, *7yZ?S 2 1 fdi3V>T, n = llcir s/ b U y :7°S 2 2 131*5^ 
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T, n = lfr : gfr&nj£-rZ) 0 n = 1 (Dm&U, ^T5'/S2 3m>T > WW 
^2 0 3<£ffi^£^e^/HiL35^^1 3 (1214 7) ^ h<DXJl\^mWkZ-. 

^7^5/^2 4 l£*5V^-C, #J#3§2 0 3(Dmt>&**rV 2 1 2frb<D 

^iyT^S 2 5TU #)#§§2 0 S^tB^ir^^i; 2 11 i^J^HTl^^ 
^{f^-Ref (n, 1) £<^*B5:f@il^fi$:#tf><5o *X s/^S 2 6 "C^ fBSfB 

^co^x^s 2 sd&v^-C, ^0#^2 o soffl^ir^^y 2 11 <D^Mlm 
tR ei (n, 2) <h <^*B£*BMia£:3fc#>5o 2 9 (^J^T, fifa£<Z> 

3 oid^x. ^n^ncD^mumm^^^^v 211 t^M#£*vc^3#Rg 

s/^S 3 2^*5V^T, ^*!J21 2\Zi%ft£tLX\<^m^r<DiiLfa%:a-Z7±: -y 
^fiS# nl^o-CHlSK^-yrT^^ey 2 1 2lzW^M-tt t fctC n&*<?>hT 
7fy^S 2 2/6^S 3 0<7^S&n = N£/£5£-Ci$s5S-ro 

-r^^*,. ^^!J21 2t^£*$£*vCV^{f-^i, SfSm^-ir^tSStBMffi^ 
tittzm^tztt ^ligiJ©^W#!lflfR e f (n, 1), Ref (n, 2) £©W 
T-ffiHtBIISfirSrii-^U /^UZl 1 ^»«p SftTV^S^HB?*— * t E (n) 

(TE (1) <TE (2) < — <TE (N) ) cD^ffl^Ti^i^i^^-ir 

TV^gff b ^^^H^ffiHIflgSrJfe-fA&aSrN- 1 0^^^ (n = 2, 
3, N) o 
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LT{fc*SHHE|E|g& 2 0 8 Hffi^tSo 

±^<Z>S& 5 ©IISfc^flgT?!*, SI 2 3^7iH-«fc lMO#BS,{f-^R e f (n, 

1) , Ref (n, 2) ^tl^fr^Mm V>*$Mttte&fe 

FI«tfc5#if-^TE (n) ^^^5fi?:NMffllL^\ 
ro^eiDltefi'ei^ 0 2 5i:/Tfj:?l:, l tt<D0Mit ^R e f (l) , 

Ref (n, 2) ^^^^#^1^ r^m^W^flB^^^eJ 
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